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1	Introduction
In the last RAN2 meeting, RAN2 discussed the 2 scenarios where the CHO enhancement is to be applied and also on how to enhance the CHO based on the network energy saving scenarios of the source and target cells.
In this contribution, the details of enhancing the CHO procedure considering source/target cell in NES mode are discussed.
2	Discussion
2.1	Scenarios
In the WI [1], NES techniques in spatial, power and time domain have been scoped for Rel-18. Whenever such techniques are to be enabled in a cell for UEs in connected mode, applicability of such techniques may not be suitable for some of the RRC Connected mode UEs in the cell due to UE’s QoS or RRM requirements.  These UE may need to be handover to some other cells in order for the source cell to apply the NES techniques. CHO enhancement can be applied for such scenario where the source cell applies the NES techniques (Scenario 1)..
It is also possible for network to turn off a booster cell when the coverage cell load is low. RAN3 discussed such scenarios for NES and agreed that the overlaid scenarios (i.e. heterogeneous scenario) as in Figure 1 can be considered. We also think that CHO enhancement can be applied for such scenario where the source which a booster cell can be turned off due to low load on the coverage cell (Scenario 2). 


Figure 1: Overlaid scenarios
Observation1: (Scenario 1) the source cell applies NES techniques and (Scenario 2) the source cell is to be turned off are possible scenarios to be considered for CHO procedure enhancements for NES.
2.2	Need to consider source/target PCell’s application of NES techniques for handover
RAN2 is currently working on the specification of Cell DTX/DRX mechanism for enhancing NES gain. The network can achieve maximum NES gain with Cell DTX/DRX mechanism if the network can ensure no transmissions/reception in the cell during the non-active period of Cell DTX/DRX. However, some UEs in the cell may not be able operate optimally in such a cell in terms of its QoS requirement (e.g. CG and SPS occasions need to be frequent) and hence there is a need to handover those UEs out of the source PCell. Likewise, it would be good to prevent UEs to handover to a target PCell via CHO where the target PCell is applying Cell DTX/DRX.
RAN1 is specifying the use of spatial and power domain techniques for enhancing NES gain for UE in RRC Connected. The NES gain comes from UEs in the cell able to perform dynamic adaptation of the spatial domain and beam power domain configuration.  However, some UEs in the cell cannot operate optimally in such a cell in terms of its QoS requirement and require network to maintain the antenna panels and beam power to meet the QoS requirement. The cell may not be able to achieve the NES gain without handover of  those UEs out of the source PCell
If the cell turned off as in Scenario 2 is also to be considered, there is also a need to handover the UEs in the source PCell to another cell. 
However, the UE should not be handed over to a target cell that is also performing NES techniques as the target cell will also not be able to provide the UEs QoS requirements.
Observation#2: UE may not able to operate optimally and meet the QoS requirements in a cell when NES techniques are applied.  This could be from Cell DTX/DRX, the UE needs frequent SPS and CG occasions to fulfil its QoS requirement of its DRB, for spatial and power domain techniques, UE needs the network to maintain optimal spatial and power domain configuration to meet their QoS requirement)
Observation#3: To maximise NES gain, there may be a need to handover such UEs in the source PCell to another cell that is not performing some NES techniques.  
The above is in line with the WI objective that the NES mode of both source and target PCell needs to be considered:
Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

Proposal#2: Confirm that the NES mode of both source and target PCell needs to be considered in the trigger for CHO procedure enhancement.
2.3	Execution of CHO considering the application of NES technique(s) of source PCell
In existing CHO, the UE starts to perform CHO evaluation upon reception of the CHO configuration (i.e. RRC Reconfiguration message containing the candidate PCells and the execution condition is received at the UE) and execute the handover when the trigger condition is met. If the network were to send CHO configuration to all the UEs that are not suitable with the NES techniques when the network decides to apply NES techniques in the source cell,  it may result in a surge in the CHO configurations and should be avoided.  In order to avoid such a surge in the number of CHO configurations with potentially large message size, CHO configuration should be sent in advance spread over time to the UEs before the network applies any NES techniques but without the UE evaluating candidate cells and executing for the handover.  
Observation#4: Providing the CHO configuration at the time of NES activation of a cell can result in a signalling surge from the large number of large CHO configuration messages.
Proposal#3: RAN2 to agree that the CHO configuration for NES can be sent in advance before the trigger to execute the handover for NES purpose (i.e. UE receives the CHO configuration in advance without evaluating/executing the handover). 
In the legacy CHO, UE executes CHO when the radio execution conditions in the CHO configuration is met.  For CHO for NES, the UE should perform the handover only when network turns on NES and wants to handover UEs to another cell.  For NES, multiple target inter-frequency cells are likely to meet the radio conditions and hence CHO execution based only on target radio conditions is not sufficient to delay the execution of the handover.  This is unlike the existing CHO where the UE will evaluate/execute the CHO whenever the execution radio condition is fulfilled after the CHO configuration is received by the UE.  To achieve this, another trigger at the time of NES activation is required to actually then execute the HO to a cell that meets the CHO execution radio conditions.
Hence, the execution of the CHO should only be performed when these 2 conditions are met (1) if the preconfigured execution radio condition for one of the candidate target PCell is satisfied AND (2) that the UE receives an indication from the source PCell indicating that NES CHO can be triggered (e.g., NES technique(s) is to be applied on the source PCell or the source cell is to be turned off). This indication is separately signalled.
Proposal#4: For the CHO handover preparation message for NES (i.e. RRC Reconfiguration message containing the candidate PCell and the corresponding execution radio condition is received at the UE) CHO execution should only be performed when these 2 conditions are met (1) if the preconfigured execution condition for one of the candidate target PCell is satisfied AND (2) that the UE receives an indication from the source PCell indicating that NES CHO can be triggered. This indication is separately signalled.
As on the exact indication to trigger CHO for NES, it can be one of the following options:
1. A time delay configured in the CHO handover command for NES
2. Reuse the indication that cell is activating NES technique as a trigger to execute the CHO
3. A new trigger indicating to the UE to perform the CHO handover command for NES
For Option 1, this is assuming that the time when the source PCell intend to apply the NES technique is known in advance and time delay for applying the NES CHO is provided together in the CHO handover command.  Once the time is reached, UE assumes that it has received the indication and perform the NES CHO. This may be good enough for the source cell turned off case. However, the start time in which the NES technique is applied may not be known in advance and artificially introduce a starting time may delay the application of the NES techniques and may not allow the network to realise network energy in a timely manner. For example, in the spatial and power domain techniques, it requires the UEs to apply new configuration via dynamic adaptation and hence achieve short sleep for network to achieve NES gain. Such time advance mechanism will not be suitable/sufficient.
For Option 2, it depends on how the NES techniques (e.g. Cell DTX/DRX mechanism is activated) are triggered. However, if the UE needs to be handover to other cells because of the initiation of NES techniques, using the trigger of the NES techniques to initiate the CHO may mean that the UE performs sub-optimally until its handover.  Depending on the NES technique, some of them may not require to HO the UE.  Handling this will require additional configuration in the CHO configuration.  Hence, we think that this may not be good enough from the UE performance point of view and not flexible enough. 
Hence, Option 3 using a new trigger provides the most flexible solution which does not require the network to know in advance on when the NES techniques are to be applied and also ensure that UE impacted by the NES techniques can be handover before a NES technique is applied. 
Observation#5: Option 1 (A time delay configured in the CHO handover command for NES) required network to know in advance the start time of the application of NES techniques. This may not work for some techniques (e.g. in the spatial and power domain techniques, it requires the UEs to apply new configuration via dynamic adaptation and hence achieve short sleep for network to achieve NES gain.)
Observation#6: Option 2 (Reuse the trigger of a NES technique on the UE) is not flexible enough and UE may perform sub-optimally until its handover .  
Proposal#5: RAN2 to discuss the following trigger to execute the CHO configuration:
(Option 2): Reuse the trigger of a NES technique on the UE
(Option 3): Use a new trigger to indicate the UE to perform the CHO configuration for NES. 
If a new trigger (Option 3) is used, the following are ways for network to provide the new trigger indication to UE that NES technique(s) is to be applied to the source PCell or the source PCell is to be turned off and NES CHO can be triggered:
1. via broadcast RRC signalling (e.g. SI update, paging)
2. via dedicated RRC signalling (e.g. RRCReconfiguration)
3. via dedicated L2/MAC signalling (e.g. MAC CE)
4. via common L2/MAC signalling (e.g. MAC PDU with group RNTI)
5. via dedicated L1 signalling (e.g. dedicated DCI)
6. via common L1 signalling (e.g.  group common DCI)
1)  (SI/Paging) should not be used since the indication is just applicable to RRC Connected mode UE and it is the general principle to use broadcast RRC signalling only for signalling that targets idle/inactive mode UE. It also has an overhead issue as gNB will have to page the whole default DRX cycle for using SI update mechanism. In addition, it will also have a long delay and thus does not provide a notification mechanism in a timely manner. 
2) (dedicated RRC) seems to incur large overhead for just indicating that NES technique(s) is to be applied or the source PCell is to be turned off, even though it allows the network an opportunity for the network to update the candidate Pcell list and the corresponding execution conditions.  
3) (dedicated MAC CE), 4) (group MAC CE), 5) (dedicated L1) and 6) (group L1) will allow the network to indicate NES technique(s) is to be applied or the source PCell is to be turned off and apply its desired NES techniques in a fast and timely manner. For the case where the source PCell applies NES techniques (Scenario 1), it may not be applied to all the UEs (only to those UEs that needs to be handover due to QoS and RRM requirements) in the cell. If the number of UEs to handover is small, 3) and 4) maybe more suitable and the overhead can be considered acceptable. 5) and 6) caters for the case (Scenario 2) when the source PCell is to be turned off (e.g. in the case of overlaid cells) and have to handover many UEs. Having a group common L1/L2 signalling will provide a more efficient indication when there are many UEs to handover.  As L2 signalling will require more overhead and is slower, we have a preference to use L1 signalling.
Observation#7: Using dedicated/group common L1 signalling (e.g. DCI) provides a fast and in timely manner for the indication to indicate NES technique(s) is to be applied or the source PCell is to be turned off. 
Proposal#6:  From RAN2 point of view, if new trigger is used, support both dedicated and group common L1 signalling for the indication to signal CHO execution.
2.2.2 CHO execution considering the application of NES technique(s) in candidate target PCell
Upon receiving the dedicated or group common L1 signalling that triggers the UEs in the cell to perform CHO execution, there is also a need to indicate to the UE which candidate coverage/target PCell(s) among the preconfigured candidate PCells to perform CHO evaluation since candidate target PCells may also have applied NES technique(s) which may not be suitable for the UEs to be handover. 
To consider the application of NES technique(s) of the candidate target PCells, there are 2 options to provide the possible candidate target PCells for CHO evaluation:
Option 1:  CHO handover command only consider candidate target cells that have not applied NES techniques
Option 2:  The handover target ID(s) (referencing the possible candidate PCells in the CHO handover command) is provided as part of the indication (i.e. the indication to trigger the CHO execution also indicates the possible candidate PCell(s) in the CHO handover command which are suitable for CHO evaluation for NES)
For Option 1, UE is provided with candidate PCells that do not apply the NES techniques in the CHO handover command. As the candidate PCells may change/apply the NES techniques at any time and this may change quite frequently (e.g. Cell DTX/DRX may be turned on and off dynamically), this may require many reconfiguration to the UE.  This will also exclude the possibility preconfiguring CHO configuration to avoid signalling surge at the time of turning on NES techniques.
On the other hand, Option 2 can consider a more up-to-date indication on which of the candidate PCells applied the NES techniques while also avoiding signalling surge by allowing early CHO configuration. 
Observation#8: The candidate PCells may apply the NES techniques at any time and this may change quite frequently (e.g. Cell DTX/DRX may be turned on and off dynamically).  Hence Option 1 (target NES is indicated in CHO configuration) is not suitable.
Observation#9: Option 2 (target NES state is indicated in L1/L2 group common signalling) allows a more up-to-date indication on which of the candidate PCells applied the NES techniques while also avoiding signalling surge by allowing early CHO configuration. 
Proposal#7: The possible candidate PCell(s) (amongst the ones configured in the CHO configuration) that are suitable for CHO execution for NES are explicitly provided in the same L1 signalling indication that initiates the CHO execution.
4	Conclusion
It is requested that RAN2 agree to the proposals and observations below:
Observation#1: (Scenario 1) the source cell applies NES techniques and (Scenario 2) the source cell is to be turned off are possible scenarios to be considered for CHO procedure enhancements for NES.
Observation#2: UE may not able to operate optimally and meet the QoS requirements in a cell when NES techniques are applied.  This could be from Cell DTX/DRX, the UE needs frequent SPS and CG occasions to fulfil its QoS requirement of its DRB, for spatial and power domain techniques, UE needs the network to maintain optimal spatial and power domain configuration to meet their QoS requirement)
Observation#3: To maximise NES gain, there may be a need to handover such UEs in the source PCell to another cell that is not performing some NES techniques.  
The above is in line with the WI objective that the NES mode of both source and target PCell needs to be considered:
Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

Proposal#2: Confirm that the NES mode of both source and target PCell needs to be considered in the trigger for CHO procedure enhancement.
Observation#4: Providing the CHO configuration at the time of NES activation of a cell can result in a signalling surge from the large number of large CHO configuration messages.
Proposal#3: RAN2 to agree that the CHO configuration for NES can be sent in advance before the trigger to execute the handover for NES purpose (i.e. UE receives the CHO configuration in advance without evaluating/executing the handover). 
Proposal#4: For the CHO handover preparation message for NES (i.e. RRC Reconfiguration message containing the candidate PCell and the corresponding execution radio condition is received at the UE) CHO execution should only be performed when these 2 conditions are met (1) if the preconfigured execution condition for one of the candidate target PCell is satisfied AND (2) that the UE receives an indication from the source PCell indicating that NES CHO can be triggered. This indication is separately signalled.
Observation#5: Option 1 (A time delay configured in the CHO handover command for NES) required network to know in advance the start time of the application of NES techniques. This may not work for some techniques (e.g. in the spatial and power domain techniques, it requires the UEs to apply new configuration via dynamic adaptation and hence achieve short sleep for network to achieve NES gain.)
Observation#6: Option 2 (Reuse the trigger of a NES technique on the UE) is not flexible enough and UE may perform sub-optimally until its handover .  
Proposal#5: RAN2 to discuss the following trigger to execute the CHO configuration:
(Option 2): Reuse the trigger of a NES technique on the UE
(Option 3): Use a new trigger to indicate the UE to perform the CHO configuration for NES. 
Observation#7: Using dedicated/group common L1 signalling (e.g. DCI) provides a fast and in timely manner for the indication to indicate NES technique(s) is to be applied or the source PCell is to be turned off. 
Proposal#6:  From RAN2 point of view, if new trigger is used, support both dedicated and group common L1 signalling for the indication to signal CHO execution.
Observation#8: The candidate PCells may apply the NES techniques at any time and this may change quite frequently (e.g. Cell DTX/DRX may be turned on and off dynamically).  Hence Option 1 (target NES is indicated in CHO configuration) is not suitable.
Observation#9: Option 2 (target NES state is indicated in L1/L2 group common signalling) allows a more up-to-date indication on which of the candidate PCells applied the NES techniques while also avoiding signalling surge by allowing early CHO configuration. 
Proposal#7: The possible candidate PCell(s) (amongst the ones configured in the CHO configuration) that are suitable for CHO execution for NES are explicitly provided in the same L1 signalling indication that initiates the CHO execution.
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